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Abstract

Geographical Analysis for Vegetation Change Detection Using
Remote Sensing and GIS Techniques in Hail

This thesis has studied the changes of agricultural areas in Hael, and it has also
assessed these changes in terms of controlling anthropological and natural
factors that determined the agricultural setting through different time periods. The
assessment of anthropological controls included several parameters; the adopted
agricultural policies, loans, and the economical values for different agricultural
products. The study also assessed the interplay of agricultural development
and the prevailing geo-natural parameters, which include soil properties,
abundance and composition of groundwater, and the geomorphological setting.
Different data sources (multi-temporal satellite images, digital elevation models,
statistical and field work data) were used to determine the temporal changes of
agricultural areas from 1986 to recent. Statistical analyses and spatial
interpolation of collected soil samples and groundwater data were performed

using GIS techniques.

The satellite images (TM , ETM+ & SPOT) were first pre-processed, and then
enhanced and processed to produce the vegetation index (NDVI) to distinguish
the area covered by vegetation at different years. The cultivated areas were also
digitized from these processed satellite images and the spatial and temporal
changes were calculated. The results indicated that there is a notable increase
of cultivated areas from 1986 to 1997, thereafter a considerable decrease of
these cultivated areas is estimated. Overall, most of the cultivated areas are
developed on deep sandy soils (i.e. Torripsamments) and provided irrigation from
suitable groundwater. However, the degraded fields are associated with locations
in low topographic areas that developed soil salinization problems and provided
irrigation from groundwater with high soulable salt and ions content. The
abandoned fields are prone to soil erosion and salt deflation that will be of

negative impact on other areas.
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GIS <UL 8458 G ¢ 5l adl go oo Bas —

Y X Farmer
27.525 42.600 NHE L
27.610 42.674 R g
27.557 42.652
27.464 42.684 Sl as e
27.284 43.066 RV [ T
27.266 43.114 it oz
27.038 43.173 it Al
27.040 43.203
26.975 43.204 A ek e
27.006 42.823 RV TS
26.954 42.826 | (5 il 3lye g p
26.928 42.830 Gl B Sl
26.901 42.828 55 ge b olaglall
26.917 42.822 6t Al das
26.932 42.821 B e e
27.257 42.630 5,05 pt oleglall
27.232 42.648 Gt Lt o ying
27.191 42.642 &bl L5 e
27.160 42.620 St e > g
27.266 42.520 o pain il gile

sl
27.272 42540 | (5 amll o Jie A,
27.256 42.555 | (5 el el il
27.245 42.579 6 ot 3l e
27.210 42.608 ! pas f L
27.205 42.639 § by pé obelell
27.198 42.655 | (et dll 4o dnu
27.203 42693 | (g il Olnadl sl
27.266 42.739 Ol b g ot

o
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27.259 42.794 Y oM
27.265 42.828 -
27.259 42.794 A
27.297 43.082 --
27.268 43203 | AL st
27.294 43.210 5 ot JLdd
27.289 43.208 | o unl b oy il
27.296 43.388 | Ll L Al e
27.222 43.116 Y o
27.240 43.118 -
27.184 42.676 olg el we
27.180 42.636 Juis
27.229 42.643 G Gijy OB
27.215 42.783 & il pghta
27.207 42.764 B pd ol glall
27.192 42730 | all 3 jas Ol i
27.193 42.756 -
27.312 42.014 sl e B e

e
27.357 42.558 e pb eyl
27.375 42.555 e pb oyl
27.409 42.560 e b oolaylall
27.349 42.578 Ciaw gy il
27.373 42.589 &l ke Ly
27.390 42.640 | (5 atdl Olets dsbon
27.319 42.581 85ka 35
27.321 42.556 pia pb oleylall
27.308 42.539 ya gt ol gdall
27.363 43.433 Aia gt olylall
27.240 43.316 | apadl il ds ponl
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GIS & HUY! ULy 3B (3 J gl oo dns —Y

Name Longitude | Latitude | Elevmsl | Depth Aquiferl
(m m)
1-H-041-3 41.967 27.850 700.00 | 250.000
1-H-177 350.000 B!
1-H-053-T | 42.983 27.456 703.47 | 386.000 Kahfah
1-H-056-S 42.562 27.384 719.95 | 490.500
1-H-060-S | 39.501 27.189 931.94 | 182.000
1-H-20-AL | 40.000 0.00
1-H-21 40.000 0.00
1-H-31-S 41.894 27.820 818.53 | 200.000
1-Q-135-S 43.017 27.067 704.96 | 150.000 B!
1-Q-138-S | 42417 27.442 811.00 | 200.000 Bt
U-510 42.993 28.255 692.74 | 2252.000
033-08H 41.536 27.848 862.00 | 220.000 Ll
1-H-014-S 41.889 27.846 842.00 By b
1-H-015-S 41.893 27.849 842.00 By b
1-H-030-S 41.896 27.847 843.00 By an b
1-H-039-5 41.899 27.853 840.00 By e pb
1-H-040-S 41.904 27.854 842.00 Oy pb
1-H-045 41.730 27.996 793.00 | 350.000 Sl
1-H-067 41.954 27.884 821.00 By me b
1-H-068 41.949 27.894 825.00 Oy me pb
1-H-069 41.951 27.889 828.00 PP
1-H-072 41.922 27.889 819.00 | 357.000 Ll
1-H-073 41.932 27.891 832.00 Gy e b
1-H-074 41.937 27.891 828.00 Ly ma g
1-H-075 41.943 27.892 827.00 L3y me b
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Name Longitude | Latitude | Elevmsl | Depth Aquifer]
(m) (L

1-H-076 41.912 27.892 831.00 Oy an pb
1-H-077 41.935 27.886 825.00 PP
1-H-078-S 41.915 27.883 830.00 PP
1-H-079 41.925 27.881 827.00 Oy e pb
1-H-080 41.942 27.882 823.00 Oy pb
1-H-081 41.947 27.883 824.00 i P
1-H-082 41.958 27.881 826.00 P
1-H-083 41.939 27.873 820.00 By e b
1-H-084 41.952 27.871 841.00 g e pb
1-H-085 41.960 27.876 819.00 By ma b
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LATITUDE | LONGITUDE pH TDS Ca Mg Na K
26.93694 | 40.27667 74 | 764 | 38 | 96 | 267 | 6.2
26.99056 | 40.26833 7.6 | 2475 | 195 | 58.3 | 1185 | 12.9
27.02111 | 40.23417 4153 | 436 | 932 | 744 | 222
26.95083 | 4027472 | 7.7 | 917 | 23 | 74 | 320 | 74
26.97028 | 40.32611 71 | 2790 | 355 | 49.9 | 602 | 5.9
26.96028 | 40.25833 74 | 1523 | 80.4 | 244 | 386 | 98
26.91889 | 40.24611 71 | 898 | 50 | 244 | 316 | 215
27.99361 | 41.69028 7.1 | 808 | 157 | 21.7 | 90.6 | 3.1
2752917 | 42.64583 75 | 528 | 638 | 9.4 | 100 | 5.1
27.26389 | 42.83472 74 | 568 | 776 | 13.9 | 114 | 3.9
27.26167 | 42.815 73 | 697 | 84 | 148 | 121 | 3.9
26.91111 | 40.22556 57 | 5224 | 372 | 177 | 849 | 827

LATITUDE | LONGITUDE pH TDS Ca Mg Na K
27.12917 | 40.68833 7.1 | 2950 | 564 | 541 | 362 | 1.6
26.92556 | 40.28056 75 | 684 | 354 | 145 | 210 | 9
26.95972 | 40.29333 | 7.6 | 1884 | 129 | 237 | 490 | 3.5
26.97972 | 40.32306 | 7.2 | 3508 | 421 | 776 | 710 | 9
26.95972 | 40.29333 8 | 2017 | 123 | 208 | 544 | 27
26.97833 | 40.26083 79 | 3047 | 524 | 294 | 1073 | 14
26.95972 | 40.29333 8.1 | 2383 | 704 | 53.6 | 750 | 26.1
26.95972 | 40.29333 78 | 2028 | 163 | 26.1 | 522 | 3.9
26.95972 | 40.29333 7.7 | 2173 | 88 | 341 | 643 | 19.1
26.95972 | 40.29333 75 | 1823 | 82 [ 231 | 522 | 14

LATITUDE | LONGITUDE pH TDS Ca Mg Na K
26.99139 | 40.2725 76 | 1434 | 99.6 | 262 | 362 | 9.8
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26.96917 40.30083 | 3693 | 1387 | 177 | 3481 8.2
26.96667 40.3 7.6 2879 | 231 35.5 | 726 7.4
26.95972 40.29333 7.2 1884 | 129 | 23.7 | 490 3.5
27.30111 42.95556 M 334 | 51.6 9.5 50.1 3.9
27.77444 41.42167 7.8 1179 | 111 35 269 4.3
2777111 41.42361 7.2 644 103 135 | 929 | 109
27.80917 41.42222 7.6 262 48 4.6 36.1 3.9
27.77889 41.46583 1070 | 86.6 | 38.3 | 249 2.9
28.03361 40.93361 7.6 1194 86 322 | 253 117
27.90667 42.375 7.1 463 60 12.8 | 70.8 5.5
27.80889 41.425 Pl 175 46.2 4 25.9 2

27.38361 39.92167 7.4 779 134 11.4 | 885 | 11.3
26.95944 40.32583 FD 2887 | 276 115 679 5.9
27.45583 42.9825 76 2750 | 84.8 9 92.9 5.1

21.28722 42.95861 70 286 54.8 9.8 575 5.1

27.29556 42.89861 7.3 314 56 10.2 | 64.4 3.1
27.28889 42.91306 1.2 428 | 66.4 | 119 | 715 39
27.28833 42.89861 7.2 417 67.2 12 78.7 T
27.28611 42.88444 7.3 495 68 12 78.7 5.1

27.79056 4257972 7.7 1013 | 99.2 33 207 6.2
27.79583 42.58639 7.6 1430 | 98.8 | 63.8 | 287 7

27.79417 42.60306 7 5540 | 287 249 | 1231 | 30.8
27.78361 42.60028 7D 2503 | 115 97.4 | 636 16.4
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x y aquif EC TDS
42.04744339 27.72 SAQ 362 | 259.8
40.04727936 26.84 SAQ 1247 | 694.6
41.54030609 27.83 SAQ 377 | 2855
41.47333145 27.87 SAQ 581 | 396.3
41.78763962 27.86 SAQ 1292 | 869.2
41.93500137 27.78 SAQ 1315 | 12158
4217533493 | 27.89563942 SAQ 639 | 382.8
42.31211090 | 28.70130539 STQ 715 | 464.6
41.74063873 | 27.84261131 SAQ 1135 | 742.4
41.92172241 | 27.88941574 SAQ 1007 | 678.4
41.42861176 | 27.77169418 BASM 406 | 294.8
41.89633179 | 27.84636116 SAQ 1157 | 569.0
41.96680450 | 27.87705812 SAQ 951 537.8
42.54980469 | 27.68380547 SAQ 628 | 406.3
42.54980469 | 27.68380547 SAQ 642 | 4232
41.53625107 | 27.84752846 SAQ 364 | 2943
39.76439000 | 26.80664000 SAQ 1853 | 928.0
42.92197037 | 28.25558281 SAQ 862 | 595.6
42.78436279 | 27.84380531 SAQ 4728 | 3534.7
42.93344498 | 28.26588821 KNUFF | 1048 | 513.0
42.08916655 27.64797211 SAQ 1106 | 622.6
41.63650055 | 27.60702705 BASM 596 | 392.7
41.42633438 | 27.80949974 | ALUYIUM | 892 | 433.0
42.43161011 | 27.86111069 SAQ 814 | 506.1
42.39861298 | 27.91500092 SAQ 1740 | 669.4
42.36761093 | 27.90586090 SAQ 775 | 478.7
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42.17244339 27.96486092 SAQ 688 369.5
41.46847153 27.36727715 BASM 330 273.8
41.18738937 | 27.32255554 BASM 432 288.0
42.91133499 | 28.25650024 JAUF 1223 | 600.0
42.45597076 | 27.84547234 Saq 678 325.0
43.02372360 | 27.06552696 Saq 884 432.0
41.71130371 27.80908394 Saq 2715 | 23925
41.72838974 | 27.84680557 Saq 866 423.0
41.72988221 27.99616623 Saq 758
41.60635139 27.84927750 Saq 1337 | 662.0
41.57938766 27.83625031 Saq 678 345.8
40.91825104 | 28.03361130 Saq 900 285.3
41.12469000 | 28.03528000 Saq 2109 | 1059
40.23141479 26.95233345 Saq 4909 | 2578
42.73119354 27.145 Saq 2412 | 1558.2
42.25027847 27.52000000 Saq 1356 | 869.2
42.36805725 27.592 Sag 714 472.9
42.52222061 27.266 Saq 1120 | 770.3
42.68619537 27.129 Saq 3160 | 1975.3
42.92313766 27.28000000 Saq 776 479.0
42.73727798 27.3 Saq 1333 | 8295
42.63783264 27.51 Saq 850 516.9
43.29013824 27.45 JAUF 2448 [ 1624.5
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X y NA | K | MG | cA | ECW
42.600 | 27.525 | 117.00 | 4.00 | 10.24 | 97.00 | 0.80
42.613 | 27.518 | 135.00 | 5.00 | 17.77 | 120.00 | 0.92
42.653 | 27.525 | 122.00 | 4.00 | 0.88 | 115.00 | 0.70
42.674 | 27.610 | 40.00 | 3.80 | - | 36.00 | 0.70
42.652 | 27.557 | 107.00 | 4.60 | 0.39 | 97.00 | 0.57
42.624 | 27532 | 122.00 | 4.40 | 0.09 | 105.00 | 0.88
42.684 | 27.464 | 44.00 | 4.60 | 2.16 | 46.00 | 0.62
42.812 | 27.340 | 100.00 | 12.00 | 15.86 | 95.00 | 0.72
42.846 | 27.335 | 130.00 | 4.40 | 3.79 | 115.00 | 0.82
42.952 | 27339 | 44.10 | 8.00 | 2.26 | 44.00 | 0.72
42.775 | 27.298 | 44.80 | 4.40 | 022 | 37.00 | 057
42731 | 27.355 | 552.00 | 4.80 | 16.51 | 377.00 | 1.70
42.850 | 27.313 | 282.00 | 6.40 | 14.51 | 230.00 | 1.90
43.066 | 27.284 | 43.60 | 4.80 | 82.79 | 37.60 | 0.61
43.114 | 27.266 | 50.20 | 5.00 | 5.99 | 45.00 | 0.75
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cal na mg ca b ec ph y X

1.00 [ 154 169.8 | 3450.00 | 137.00 | 2.500 | 8.01 | 27.525 | 42.600
2.00 | 173.00 | 193.30 | 4225.00 | 67.80 | 4.060 | 8.15 | 27.518 | 42.613
3.00| 153 114.6 4275 207 | 3.760 | 8.04 | 27.511 | 42.633
3.00 | 1275.00 | 372.10 | 5175.00 | 775.00 | 34.930 | 8.03 | 27.515 | 42.643
2.00 | 366.00 | 137.60 | 85.92 2.00 | 9.220 | 8.15|27.525 | 42.653
3.00 | 247.00 | 105.80 | 40.25 |370.00 | 1.750 | 8.36 | 27.508 | 42.653
1.00 | 114.00 | 98.01 | 4050.00 | 164.00 | 1.220 | 8.38 | 27.507 | 42.606
2.00 | 315.00 | 160.20 | 4150.00 | 134.00 | 6.206 | 8.21 | 27.482 | 42.665
4,00 | 168.00 | 163.10 | 4050.00 | 239.00 | 1.543 | 8.35 | 27.457 | 42.638
1.00 | 157.00 | 95.80 | 3200.00 | 112.00 [ 1.336 | 8.47 | 27.466 | 42.600
3.00 | 260.00 | 149.80 | 3700.00 | 114.00 | 7.793 | 7.94 | 27.425 | 42.698
2.00 | 151.00 | 187.60 | 3550.00 | 184.00 | 1.998 | 7.84 | 27.464 | 42.684
2.00 | 165.00 | 132,60 | 3775.00 | 97.00 | 2.150 | 8.07 | 27.610 | 42.674
1.00 | 98.00 | 161.90 | 3550.00 | 48.00 | 1.49 |8.29 | 27.557 | 42.652
3.00 | 169.00 | 203.20 | 3975.00 | 88.00 | 2.014 | 8.11 | 27.532 | 42.624
3.00 | 103.00 | 155.30 | 4225.00 | 72.00 | 1.18 | 8.18 | 27.540 | 42.656
2.00 | 41.00 | 112.80 | 3500.00 | 137.00 | 0.765 | 8.46 | 27.536 | 42.707
4.00 | 94.00 3750 88 1.489 | 8.30 | 27.544 | 42.670
4.00 [ 222.00 | 209.50 | 3975.00 | 157.00 | 3.493 | 7.61 | 27.464 | 42.684
5.00| 1520 1353 21300 174 | 81.810 | 7.06 | 27.340 | 42.812
3.00 72 154.2 3950 107 | 1.502 | 8.17 | 27.335 | 42.846
3.00 | 319.00 | 218.20 | 4200.00 | 135.00 | 5.112 | 7.85 | 27.339 | 42.952
2.00 | 208.00 | 130.60 | 3350.00 | 144.00 | 2.847 | 8.01 | 27.298 | 42.775
1.00 56 87.92 | 3125.00 | 58.00 | 1.071 | 8.17 | 27.355 | 42.731
3.00 | 403.00 | 194.20 | 4650.00 | 247.00 | 3.600 | 8.03 | 27.313 | 42.850
3.00 | 85.00 [ 139.10 | 4050.00 | 120.00 | 3.163 | 7.84 | 27.313 | 42.917
1.00 | 129.00 | 128.70 | 3475.00 | 148.00 | 3.230 | 7.24 | 27.317 | 42.996
3.00 | 246.00 | 180.60 | 3650.00 | 137.00 | 3.150 | 8.32 | 27.299 | 42.752
cal na mg ca b ec ph y X

4.00 | 411.00 3850.00 | 170.00 | 5.412 | 8.05 | 27.285 | 42.655
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4.00 92 248.70 | 3425.00 | 128.00 | 1.495 | 8.33 | 27.284 | 43.066
3.00 [ 403.00 | 464.70 | 4200.00 | 236.00 | 8.442 | 7.81 | 27.311 | 42.736
3.00 [ 147.00 | 296.20 | 4100.00 | 113.00 | 2.101 | 7.91 | 27.296 | 43.066
2.00 | 205.00 | 207.30 | 26.85 2.00 | 3.635 | 8.13 | 27.407 | 43.098
2.00 | 196.00 | 207.00 | 3875.00 | 134.00 | 4.988 | 7.85|27.392 | 43.091
0.00| 62.00 | 158.70 | 3575.00 | 118.00 | 1.482 | 8.09 | 27.370 | 43.075
1.00 | 1750.00 | 686.30 | 5650.00 [ 172.00 | 38.430 | 7.70 | 27.266 | 43.114
3.00 | 357.00 | 314.00 | 4600.00 | 90.00 | 5.129 | 8.05 | 27.226 | 43.076
2,00 | 247.00 | 243.20 | 3900.00 | 88.00 | 3.319 | 8.22 | 27.038 | 43.173
2.00 | 136.00 | 247.10 | 4175.00 | 118.00 | 4.135 | 8.24 | 27.040 | 43.203
2,00 | 139.00 | 206.00 | 3825.00 | 213.00 | 1.866 | 8.61 | 26.975 | 43.204
1.00 | 372.00 | 317.70 | 3500.00 | 105.00 | 6.123 | 8.45 | 27.006 | 42.823
1.00 | 330.00 | 149.70 | 3800.00 | 104.00 | 8.106 | 8.15 | 26.954 | 42.826
1.00 | 665.00 [ 158.20 | 4425.00 | 116.00 | 7.360 | 8.20 | 26.928 | 42.830
2.00 | 780.00 | 170.20 [ 4575.00 | 170.00 | 9.841 | 8.29 | 26.901 | 42.828
2.00 | 1225.00 | 420.70 | 4600.00 | 575.00 | 15.530 | 7.88 | 26.917 | 42.822
2.00| 261.00 | 180.50 | 4775.00 | 130.00 | 4.940 | 8.11 | 26.932 | 42.821
3.00 | 406.00 | 831.70 | 6775.00  202.00 | 2.527 | 8.54 | 27.257 | 42.630
1.00 859.20 7150 540 23.78 | 8.14 | 27.232 | 42.648
2.00 [ 1055.00 | 1082.00 | 5500.00 | 360.00 | 7.218 | 8.45 | 27.191 | 42.642
2.00 965 923.70 | 5075.00 | 254.00 | 2.525 | 9.10 | 27.160 | 42.620
1.00 | 750.00 | 654.30 | 4850.00 | 237.00 | 7.310 | 7.99 | 27.266 | 42.520
3.00 | 407.00 | 361.10 | 4650.00 | 640.00 | 4.981 | 8.28 | 27.272 | 42.540
3.00 | 174.00 | 512.20 | 4300.00 | 122.00 | 1.520 | 8.22 | 27.256 | 42.555
1.00 | 463.00 | 565.60 | 4025.00 | 375.00 | 4.018 | 8.48 | 27.245 | 42.579
3.00 [ 242.00 | 634.60 | 3800.00 | 207.00 | 2.482 | 8.63 | 27.210 | 42.608
2.00| 87.00 | 194.80 | 3775.00 | 380.00 | 1.7400 | 8.22 | 27.205 | 42.639
3.00 [ 174.00 | 936.50 | 6475.00 | 201.00 | 33.280 | 8.41 | 27.198 | 42.655
2.00 | 2525.00 | 404.00 | 5700.00 | 164.00 | 33.820 | 7.95 | 27.203 | 42.693
4.00 | 442.00 | 250.80 | 4650.00 [ 213.00 | 7.878 | 7.94 | 27.266 | 42.739
3.00 605 293 4400 85 3.076 | 8.05 | 27.259 | 42.794
3.00 192 309.5 4150 97.00 | 1.829 | 8.02 | 27.265 | 42.828
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2.00 162 318 3675 155 2.09 |8.07|27.259 | 42.794
2.00 750 2237 4575 185 9.167 | 8.08 | 27.297 | 43.082
3.00 | 122.00 | 179.20 | 3700.00 | 223.00 | 1.429 | 8.28 | 27.268 | 43.203
3.00 | 620.00 | 222,10 | 4350.00 | 360.00 | 7.644 | 8.13 | 27.294 | 43.210
2.00 | 259.00 | 192.80 | 3725.00 | 231.00 | 3.961 | 8.55 | 27.289 | 43.298
2.00| 69.00 | 208.70 | 3450.00 | 370.00 | 1.463 | 8.24 | 27.296 | 43.388
2.00 [ 980.00 | 232.70 | 3675.00 | 600.00 | 4.846 | 8.31 | 27.306 | 43.414
2.00 | 73.00 | 180.00 | 3625.00 | 85.00 | 1.631 | 8.25 | 27.266 | 43.363
1.00 | 164.00 | 239.90 | 3950.00 | 99.00 | 1.883 | 7.92 | 27.222 | 43.116
2.00 | 338.00 | 244,50 | 3975.00 | 107.00 | 2.078 | 8.06 | 27.240 | 43.118
4,00 | 1430.00 | 637.20 | 4500.00 | 370.00 | 15.790 | 8.09 | 27.184 | 42.676
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